Geopolymer is an inorganic polymer composite with potentials to replace Ordinary Portland Cement (OPC)-based materials in the future because of its lower energy consumption, minimal CO2 emissions and lower production cost as it utilizes industrial waste resources. Hence, geopolymerization and the process to produce geopolymers for various applications like building materials can be considered as green industry. Moreover, in our study, the raw materials we used are red mud and rice husk ash, which are are industrial and agricultural wastes that need to be managed to reduce their impact to the environment. The red mud and rice husk ash combined with sodium silicate (water glass) solution were mixed to form geopolymer materials. Moreover, the geopolymer specimens were also tested for heat resistance at a temperature of 1000 o C for 2 hours. Results suggest high heat resistance with an increase of compressive strength after exposed at high temperature.
Introduction
Geopolymer, as coined by Davidovits [1] , is an inorganic polymer composite which has a potential sustainable construction material because of its lower energy and carbon footprint as compared to Portland cement-based materials [2] . Such material uses industrial waste such as red mud as raw material which reduce its cost of production. Red mud (RM) is the waste generated during aluminum production from bauxite ore. It depends on the quality of bauxite mine which could affect the output of aluminum production. To produce 1 ton of metallic aluminum, this Bayer process generates from 0.6 -2.5 tonnes of red mud [3] [4] . Globally, it is estimated that there has been over 70 million tonnes of this red mud (RM) waste being discharged every year [4, 5] . RM waste is fine powder and thus easy to disperse into the surrounding environment which may lead to ecological problems. Currently, RM is contained in dams but these use up a lot of land area. Moreover, these dams pose risk to surrounding residential areas. In fact, in 2010, an accident wherein the failure of red mud dam occurred in Hungary caused serious environmental consequences and health impact to people [3, 7] . Therefore, it is imperative to manage these red mud wastes properly to reduce its impact to environment and community.
In the other hand, rice husk ash (RHA) is high-silica material made from burning rice husk. Rice husk takes up about 20% weight of rice and its compositions include 15 -20% SiO 2, the others are cellulose and lignin [8, 9, 10] . After the burning process, total weight of obtained RHA is about 20% weight of rice husk. Hence, the total estimated RHA reserves are over 28 million metric tons every year [9] .
Materials and methods
In this research, both red mud (RM) and rice husk ash (RHA) from Vietnam were used to produce the geopolymer mixture. They are the raw materials in geopolymerization reactions to create the mechanical strength for product. All of the raw materials were characterized before carrying out the mixing to form the geopolymer mortar. The red mud contains high alumina in amorphous or semi-crystalline structure which serves as one of the reactants in the geopolymerization process. RM waste came from Tan Rai Bauxite Plant, Lam Dong Province, Vietnam and its chemical composition is summarized in Table 1 . On the other hand, rice husks from Mekong delta, South of Viet Nam were burned at 700 o C for 1 hour at Laboratory of Ceramic Materials to obtain rice husk ash with chemical compositions described in the same table. As shown from the XRD of red mud and RHA, evidence of amorphous silica and alumina was observed as described by the noise at the bottom hump of the XRD spectrums (see Figure.1 ). There also have been some sharp peaks associated with crystalline minerals of gibbsite (Al 2O3.3H2O) at 18 o and iron oxide (Fe2O3) at 20 o in XRD pattern of RM ( Figure. 1) and cristoballite (SiO 2) in XRD spectrum of RHA ( Figure.1) . Note that the amorphous compositions are necessary conditions to conduct geopolymerization for RM based geopolymer materials. Water glass solution was then used as alkaline solution to increase pH value and supply the sodium hydroxide reactant for the geopolymer mixtures. Table 2 summarizes the mix proportions used in this experiment. The schematic diagram of the experimental process is shown in Figure 2 . RM, after being dried for 24 hours, was ground in 30 minutes (Ceramic Instrument) and then passed through 90 μm-mesh (Retsch AS-200 Seive Shaker). Rice husk was burned at 700 o C for one hour (NABERTHERM), and then also ground in 30 minutes and passed through 90μm-mesh. All raw materials were mixed for 20 minutes with 20% water glass solution (Lab cement mixer) and water is added to get a pH value around 12. Geopolymer mixtures were molded in 50x50x50mm cube-cement mold and cured at room temperature (28 o C, 80% humidity). The 28-day geopolymer specimens were tested for compressive strength, volumetric weight, and heat resistance. Then, the geopolymer specimen with the highest value of compressive strength was characterized with X-ray diffraction. The volumetric weight of geopolymer specimens were found to be from 1270 to 1590 kg/m 3 (see Table 3 ). The geopolymer samples were also tested for 28 day-compressive strength and the results showed that the values range from 6.83 MPa to 15.50 MPa. In addition, sample A has the highest value at 15.50 because of the high silica in geopolymer mixture that reacted with alumina of red mud to form the geopolymer networks (see Table 3 ). These values can be compared with concrete brick in ASTM C55 and C90 [13] [14] 
Heat resistance
All geopolymer samples were tested for heat resistance by keeping the specimen at a furnace at the temperature at 1000 o C for 2 hours, with a heating rate of 5 o C/min and a natural cooling process to room temperature. This procedure is similar to test done by Kong et al., (2007) [11] and Pan et al., (2012) [12] . After exposure with this high temperature, the samples were tested for compressive strength. Results indicate that the compressive strength significantly increased from 262% to 417% as shown in Figure 3 and summarized in Table 4 . This could be due to sintering that may be occurred at high temperature in geopolymer samples, similar to what is happening in ceramic process [11, 12] . 
Microstructure
Geopolymer sample A has the highest compressive strength and was therefore selected for microstructure characterization by XRD (see Figure 4) . 
Conclusions
Red mud is an industrial waste that can effect negatively the environment if not properly managed. It is necessary to have more research in utilizing this as raw materials for other applications. In this research, red mud in combination with rice husk ash in high alkaline condition can be geopolymerized to form products that can be compared with concrete brick in ASTM C55 and C90 in terms of mechanical strength and volumetric weight. More specially, the geopolymer products have high compressive strength even if exposed at high temperature. That can be evaluated as heat-resistant materials. Future work will be done to characterize further the microstructure and optimize the properties for a lightweight heat-resistant geopolymer material.
